Introduction
For the treatment of bone defects different artificial materials are currently used. Nowadays, additive manufacturing (AM) techniques offer a wide range of design fabrication possibilities with various complex structures and subsequently controlled mechanical properties [1, 2] . Those can be adjusted in order to cope with the requirements of the surrounding bone tissue. Although the mechanical properties of AM fabricated scaffolds have been extensively analyzed, less is known about their biomechanical performance and the influence on bone remodelling in-vivo in a physiological environment. In order to determine the response of the adjacent bone tissue due to the mechanical stimulus of the implant, three open-porous scaffolds with different mechanical properties have been numerically investigated and compared to in-vivo results.
Methods
Based on the CT-data of the metatarsal bone of the sheep hind limb (non-treated as well as treated with openporous titanium scaffold), numerical models for the bone remodelling have been investigated, using the FE software Abaqus (version 6.12-EF, Dassault Systèmes, Vélizy-Villacoublay, France). This includes the reconstruction of the bone geometry (from CT data of the nontreated bone) as well as localisation of the implant position (from CT data of bone with implant). A 20 mm segmental defect was implemented into the mid-diaphysis of the intact bone, corresponding to the implanted scaffold position. For initial stabilization, the bone defect was bridged with an osteosynthesis system (LCP 3.5, stainless steel, 8-holes, Synthes, Umkirch, Germany) and angularstable screws on the medial side, analogous to the in-vivo experiments.
FE model of the bone was meshed with tetrahedral elements with linear elastic material properties and inhomogeneous material distribution (derived from CT-data of the intact metatarsal bone). Three open-porous titanium scaffolds (52 % porosity) were inserted into the defect, exhibiting different values for the structural modulus (16.4, 14.4 and 11.5 GPa). Hereby, the numerical scaffold with 16.4 GPa exhibited the same stiffness as the scaffold used in-vivo. The other two numerical scaffolds were less stiff in order to increase the mechanical stimulus on the bone. All other parameters were kept constant. Finally, the area around the scaffold was surrounded by a callus formation with initial very low Young's modulus (1 MPa), offering the possibility for bone growth within this region. Static load was applied to the metatarsal bone [3] . Numerical bone remodelling is based on the mechanical stimulus (i.e. strain energy density) as shown in Figure 1 . This relationship takes into account the bone resorption due to a low stimulus, the bone formation due to a high stimulus and the "Dead Zone" where bone formation and bone resorption are in equilibrium, according to Beaupré et al. [4] . Figure 2 shows the results for the in-vivo situation and for the numerical bone remodelling simulations with the three different scaffolds. For the 16.4 GPa scaffold the numerical simulation revealed comparable results of the bone remodelling as observed in-vivo. The area of the newly formed tissue was observed to be on the lateral site of the defect (left) for the in-vivo as well as for the numerical results. Furthermore, both scaffolds with lower stiffness showed a higher rate of bone remodelling due to the higher mechanical stimulus. In comparison to the initial state for the numerical simulation, an increase in the apparent bone density could be observed in approximately 50 % of the callus volume for all numerical models. Furthermore, the amount of new bone formation increased with decreasing implant stiffness. The open-porous implant with 14.4 and 11.5 GPa showed respectively 4.9 and 33.2 % more newly formed bone tissue in the range of cortical bone than it was found for the implant with 16.4 GPa. 
Results

Discussion
In the present numerical study we could show the influence of the scaffold implant stiffness on the remodelling process within the adjacent bone tissue. Comparing the results with in-vivo experiments revealed a realistic numerical approach and assessment of the numerical data. Although titanium implants were utilized for filling segmental defects, the open-porous design features a structural modulus similar to cortical bone (i.e. 15-22 GPa). That titanium implants with low elastic modulus could inhibit bone atrophy and enhance bone remodeling in contrast to implants made of stainless steel was shown by Niinomi et al. [5] . Therefore, the adjustment of the mechanical properties is important for sufficient bone growth.
Further reduction of the implant elastic modulus implies a higher bone remodeling rate due to a higher mechanical stimulation. 
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